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Foldable Intraocular Lens Materials. 

The present invention relates to the field of intraocular lenses and to 
improved materials based on acrylate polymers, especially copolymers of 
2-phenylethylacrylate and 2-phenylethylmethacrylate, to be used in the 
production of foldable lenses facilitating small incision surgery. 

When an ophthalmic surgeon operates on an eye to remove a cataract 
(s)he frequently replaces the defective natural lens with a small artificial 
lens, an intraocular lens (IOL). The material most commonly used for the 
manufacture of IOLs has for many years been rigid amorphous plastic 
poly(methylmethacrylate) (PMMA). 

In cataract surgery an incision must be made in the eye in order to 
remove the natural lens as well as for introducing the IOL. The minimum 
size of incision necessary to allow the passage of a rigid lens is about the 
diameter of the IOL (5.0-6.0mm) and in the development of such lenses 
considerable efforts have been focused on the design of the haptics to 
avoid incisions greater than the cross-section of the optical part of the 
lens. However, with these comparatively large incisions sutures are 
needed and the technique may give rise to various wound-related 
problems including infection, wound leak, and astigmatism. 

For some years there have been on the market elastomeric silicone lenses 
of a design that allows the IOL to be reversibly deformed, for instance 
folded or rolled-up, prior to insertion, so that the size of the incision 
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2-PEA, and 2-phenylethylmethacrylate, 2-PEMA, for use in the 
manufacture of IOLs. These copolymers have refractive indices close to 
1.55, glass transition temperatures (Tg) below 37°C, and an elongation of 
200%, and so, in IOL-form, may be folded, and have a reduced thickness 
for any dioptre when compared with silicone lenses which in most cases 
have lower refractive indices. 

Recently it has become apparent that IOLs made from copolymers of 2- 
PEA and 2-PEMA, exemplified by Acrysof from Alcon, suffer from 
glistening during their clinical use. This internal opacification arises 
from vacuoles of upto 2 |im in length. Vacuoles are formed by the 
absorption, by a lens, of water from the aqueous humor, surrounding the 
lens in the eye. The reason for this is most likely that in a hydrophobic 
polymer like Acrysof absorbed water may phase-separate forming 
microvacuoles. Such microvacuoles are, or may serve as, the initiation 
sites for the microcracks, and it is assumed that this causes glistening in 
Acrosof type materials. 

Scope of the Invention: 

We have found that already a small increase in the hydrophilicity of the 
2-PEA/2-PEMA copolymer-based materials will prevent the internal 
opacification of lenses made from them. This finding is of course valid 
even if the mechanism discussed above would be found incomplete or 
even less correct. The hydrophilicity of these copolymers is improved by 
introducing, in low molar ratio, in the range 0.1 to 10 mole%, a third 
monomer of recognised hydrophilic character, e.g. monomers such as 
acrylic acid, methacrylic acid, hydroxyethylacrylate, 
hydroxyethylmethacrylate, acrylamide, methacrylamide, poly(ethylene 
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glycol) acrylates (PEG-acrylates) and other similar monomers 
(preferably unsaturated compounds), especially those containing 
carboxyl-, hydroxyl- sulphate- or sulphonate-, amido- or substituted 
amino-bearing groups, known to those skilled in the art of polymer 
chemistry. 

The 2-PEA/2-PEMA copolymer-based materials to be used according to 
the present invention in the manufacture of IOLs are characterized in that 
they are made hydrophilic enough to prevent the formation of 
microvacuoles with subsequent glistening of the material. Accordingly, 
the materials are characterized in that no internal two-phase system is 
formed in contact with an aqueous solution. The materials have a degree 
of swelling in the range of from 0,5-10, for instance 1-5, wt% at 
saturation, i.e. following immersion in isotonic solution at 37 °C for 24 
hours. 

For the preparation of polymers of improved hydrophilicity for the 
manufacture of foldable IOLs, mixtures of 2-PEA and 2-PEMA, in the 
range of molar ratios as described in US 5290892, hereby incorporated 
by reference, are combined with one or more hydrophilic monomers, e.g. 
from the group of compounds referred to above. The mixture of three or 
more monomers may be converted into a tercopolymer, etc., by 
conventional free radical polymerisation, in bulk, aqueous suspension or 
emulsion, or in solution in a suitable solvent, such as toluene. 

An alternative approach to the introduction of the hydrophilic acid 
monomer, such as acrylic and methacrylic acids into the 2-PEA/2-PEMA 
copolymer system may also be adopted. This method involves the 
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chondroitin sulphate or heparin, to improve biocompatibility of the IOL 
and/or to impede the development of a secondary cataract. 

One method of doing mis, involving reacting the surface carboxyls with 
a polyaraine, e.g. poly(ethyleneimine) and attachment of the 
mucopolysaccharide, e.g. heparin via a SchifTs base reaction, foHowed 
by reduction (se for instance BP 861 86). Alternative methods of 
attachment are also possible including using a polyethylene oxide) 
spacer, or the use of an albumin-heparin conjugate. 



Ye. another method to produce the desired copolymer (which will be in 
th.s case a graft copolymer) is to use a 2-phenylethylmethacrylate 
^tyrylmethylmethacrylate/methacrylic acid tercopolymer, such as (I) as 

the cross-linking agent for a 2-phenylethylacryla.e/(meth)acrylic acid 

elastomer. 

The composition of (I), the cross-linking agent, is (a) 2- 
Phenylethylmemacrylate, 80 to 99.9 mole %; (b) a (meth) aC ryla.e 
bearmg a free vinyl gr 0up , e.g., a styryl group as shown in (I) or a 2- 
hydroxy-3-(meth)acrylpro P yl group, or ally! group, etc., 0.1 to 20 mole 
"/.; and a hydrophilic monomer, such as (meth)acrylic acid, 
(meth)acrylamide, N,N-di m ethyl(meth)acrylamide, or 2- ' 
hydroxyethyl(meth)acrylate, 0 to 2 mole •/„. 

To produce a sheet material for IOL production, 0. 1 to 1 0 weight % of 
*e tercopolymer of type (I), is dissolved in a mixmre (99.9 ,o 90 weight 
% of combined monomers) of 2-phenylethyl-acrylate (99.9 to 90 mole 
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Claims: 

1. 2-phenylethylacrylate and 2-phenylethylmethacrylate copolymer- 
based material for use in the manufacture of intraocular lenses 
characterized in that the material is hydrophilic. 

2. Materials according to claim 1, characterized by 0.5-10, preferrably 
0.5-5, % water uptake at saturation. 

3. Materials according to any one of claims 1-2 characterized in that a 
third monomer, containing carboxyl-, hydroxyl-, sulphate, sulphonate, 
poly(ethylene glycol), amido- or substituted amido- bearing groups, is 
introduced into the reaction mixture prior to polymerisation. 

4. Material according to claim 3 characterized in that it contains carboxyl 
groups. 

5. Material according to claim 1, characterized in that the surface is 
modified to contain a layer comprising a mucopolysaccharide. 

6. Material according to claim 5, characterized in that the 
muchopolysaccharide is heparin. 

7. Intraocular lens prepared from a material according to any one of 
claims 1-6. 
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8. Intraocular lens according to claim 7 which further comprises a 
surface bound substance preventing secondary cataract. 
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